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TEST
.“
TheresultsofLangleyspin-tunnelinvestigationshavebeencompared
correspondingfull-scaler sd”tsavailablefor60differentairplane
designs.Thepurposeofthecomparisonwasto determinethereliability
ofthemodelresultsinpredictingfull-scalespinandrecovery
characteristics.
Analysisofthedatashowedthatmodeltestssatisfactorilypredicted
full-scaler coverycharacteristicsapproximately90percentofthetime.
Fortheremaining10percentofthetime,themodelresultswereofvalue
inpredictingsomeofthedetailsofthefull-scalespins.Generally,
whenthemodelsspunat anglesofattacklessthan45°,thecorresponding
airplanespunat largeranglesofattack;andwhenthemodelsspunat
anglesofattack~eaterthan45°,thecorrespondingairplanespunat
smalleranglesof attack.Whenthetail-dampingratiowasgreaterthan
0.02,themodelsspunwithhigheratesofrotationthantheairplane;
andwhenitwaslessthan0.02,themodelsspunwithlowerratesofrota-
tion.Generally,themodelsspunwithlessaltitudelossperrevolution
thanthecorrespondingairplanes,buta higherateofdescentwasfound
tobe associatedwiththesmallerangleofattack,whetherof airplaneor
model.Theairplanesgenerallyspunwiththeinnerwingdownmorethan
theinnerwingofthecorrespmdingmodels.
Predictionsof emergency-recovery-pnachutesizesbasedonmodel
resultswerefoundtobe somewhatconservative.
INTRODUCTION .
TheLangley20-footfree-spinningtunnelisutilizedto determine
thespinandrecoverycharacteristicsofairplanesby meansofmodel”tests.
It isthereforedesirablethattheaccuracyofthemodeltestsinpre-
dictingfull-scalespinresultsbe known.Inpursuitofthisobjective,-
a comparisonftheavailableresultsofmodelandfull-scalespintests
for21designswas reportedinreference1. Theinformationavailablefor
.
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thatcomparisonwasrathermeager.Sincethattimemoremodelshavebeen
testedandmorefull-scaledatahavebecomeavailableanditwasthought
desirablethatallthesedatabe analyzedto determinethecorrelation
betweenmodelandfull-scalespintests.
SYMBOIS
a anglebetweenfuselagereference
matelyer&altoabsolutevalue
of symmetry),degrees‘
lineandvertical(approxi-
ofangleofattackatplane
9 @ng tilt,anglebetweenspanWs andhorizontalp ane,
degrees
.
v rateofdescent,feetpersecond
fl angulsrveloci~aboutspinaxis,revolutionspersecond
v/Q altitudelossperrevolution,feetperrevolution
Subscripts:
M model
A airplane
METHODS
Theairplanesforwhichfull-scalespintestdatawereavailable
weredesigns@picalofthoseinusefrom1926to1948andcovera wide
rangeofdesignvariables.Thetypesincludedinthisstudyrangefrom
biplanestomodernswept-wingdesigns.
Thefull-scaledatawerereceivedfromtheAirForce,fromtheNavy,
andfromvsriousaircraftmanufacturers.Thereportsreceivedusually
wereincompleteinthatall thesteady-spinpsmmetersmeasuredinthe
spintunnelwereseldomavailableforthefull-scaleairplane.Turns
forrecovery,altitudelossinthespin,weight,andcenter-of-gravity
locationweregenerallyavailable.Theangleofwingtilt,rateofrota-
tion,andmomentsof inertiawereveryrarelygiven.Theeffectsof
differencesinmomentsofinertiareimportantbutwhentheywerenot
givenandwhenweightsandcenter-of-gravitylocationswerefoundtobe
infairlyclosea&eementformodelandairplane,themomentsof inertia
.
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wereassumedtobe comparable.Instrumentrecordsofanglesofattack
andwingtiltinthespinwereavailableinonlya fewinstances.In
theotherinstances,theseangleswerebasedonpilotsrestimates.
Altitudesduringthespinwereassumedtobe fromaltimeterreadings
andpossibleinaccuracyof thealtimetersandalttieterlagwerenot
accountedfor.’
Becausealtimeterreadingsatvarioustagesoftlespinand
recoveryweregivenmoreoftenthanratesofdescent,andratesof
rotationwereseldomgiven,a comparisonbetweenscsled-upmodeland
airplanealtitudelossesperrevolutionwasfoundtobemoreconvenient
thana comparisonofratesofdescent.
In spin-tunnelinvestigations,onlyfullydevelopedmodelspinssre
tested,Inorderto comparedatacorrectly,therefore,theatiplme
resultsmot alsobe fromfullydevelopedspins.A Stl.ldy offlight
instrumentrecordsavailableindicatedthatfull-scalespinsof2 turns
or lessme probablynotfullydeveloped.Dependingontheairplane
designanduponthemethodofentryintothespin,a fullydeveloped
spinmaysometimesbe enteredinlessthan2 turns,butinmostcases
a 2-turnspinis in,theincipientspinstageand,therefore,suchdata
werediscardedforthepresentcomparison.Eqeriencehasindicated
thatrecoveryattemptedduringtheIncipientspinwillbe easierthan
ifattemptedafterthespinhasbecomefullydeveloped.Thedataused,
therefore,wereforspinsofmorethan2 turns.
In severalinstancesdatawereavailablefortwodesignsthatwere
verysimilar,suchasAirForceandNavyversionsofthessmedesignor
subsequentversionsofthesamedesignwhichhadreceivedonlyminor
modifications.Inthesecases,allthedatawereconsidered,@ apply
to onedesign.Whenanydesignwasmodifiedajpreciablyjthebasic
designandthemodifiedesignweretreatedas twodesigns.
Inordertomaketherecoverycomparison,a definitionof satis-
factoryrecoverywasnecesssry.N1-scale recoveryrequirementsvary
Withthetypeof theairplaneand,ingeneral,onlyfighterandtrainer
airplanessrerequiredtodemonstratefullydevelopedspins(spinsof
morethan2 turns).AirForcespecifications(reference2)requirespin
testswithma.xhmmrearwardcenter-of-gravi@location,maximumwing-
heavyloading,andmsximumfuselage-heavyl~dingforcontrolpositions
whichincluderudderfullwiththespin,elevatorfullup,andailerons
neutral,fullwith,andfullagainsthespin.Recoveriesfromallspins
in2 turnsorlessby reversalofrudderfollowedapproximately1/2turn
laterby downwardmovementoftheelevatoraredesired.Navyspecifica-
tionsdonotspecifyloadingconditionsbutrequirevariouspin-entry
techniquesandcontrolpositionsduringthespin,whichincluderudder
fullwiththespin,elevatorfullup,andaileronsneutral,1/3with,
and1/3againsthespin.Recoveriesaredesiredin1 turnorlessbY .
.-———.—.— —___ . . _ .-
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reversalofrudderto2/3againsthespin
1/2turnlaterby downwardmovementofthe
followedapproximately
elevator,hutin certain
casesconsistentrecoveryinmorethan1 turnmaybe consideredsatis-
factory.To sumupthefull-scaler quirementsinto.onecomprehensive
standardby whichfull-scaler sultswerejudgedforthepurposeofthis
paper,thefollowingstatementcanbemade: Recoverycharacteristicsof
theatiplanewereconsideredsatisfactoryif,fromallfullydeveloped
spinEforwhichdatawereavailable,recoverywasconsistentlyobtained
in2 turnsorlessby reversaloftherudderfromwiththespinto
againsthespin,movementoftheelevatordo~, andneutralizationof
theailerons. .
Modelspin-recoveryrequirements,whicharedesignedtopredict
full-scaler coverycharacteristics,arethatrecoveriesfromspinswith
thenormalcontrolconfigurationforspinning(aileronsneutral,elevator
fullup,rudderwith)by ruddereversalaloneora ccribinationofrudder
andelevatoreversaltake2 turnso“rless. Inorderto evaluatethe
effectsof slightdeviationsofthecontrolsfromthenormalspinning
controlconfiguration,fcablestretch,orofhighforceswhichmight
preventfullcontroldeflection,testsarealsomadewiththeailerons
setl/3ofthe~ deflectioninthedirectionconduciveto slower
recoveries,theelevatorsetat2/3up orfullup,whicheverisconducive
to slowerecoveries,andtheruddermovementforrecoveryto2/3against
ratherthanto fullagainsthespin.Theelevatormovement,whenused
forrecovery,isgenerallyto1/3or#3 down.Recoverycharacteristics
arenotconsideredsatisfactoryformodelsunlessrecoveryisobtained
fromthiscriterionspinin+ turnsorless.
\
PRECISION
Themodelspindatapresentedarebelievedtobe thetruevalues
givenby themodelwithinthefollowinglimits:
a,degree8.. . . . . . . . . . . . . . . . . . . . . . . . . . . .&l
@degrees. . . . . . . . . . . . . . . . . . . . . . . . . . . ..*1
V/fl,perce~t.. . . . . . . . . . . . . . . . . . . . . . . . . .*7
Thelimitsofaccuracyofthefull-scaledatawerenotknown.These
limitsvsriedwiththeaccuracyofflightinstrumentsandwiththepilots’
esttites.
.
l
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RecoveryCharacteristics
Indeterminingtheaccuracyofmodeltestsinpredictingfull-scale
spinresults,thepredictionofrecoverycharacteristicssofmost
importance.IntableI theresultsofrecoverytests.of60airplanes
forwhichdatawereavailablearecomparedwithspin-tunnelresults
obtainedwithcorrespondingmodels.Thesedatashowagreementin
recoverycharacteristicsfor53 cases.Of thesevencasesthatwere
consideredindisagreement,threewerecasesinwhichmodelrecovery
resultswere-optimisticcomparedwithfull-scaler sultsandfourwere
casesinwhichmodelrecoverycharacteristicswereconservative.Of
thesesevencases,fourwerecases(seefootnotesoftableI) inwhich
thedisagreementwasnotgreat- thatis,thefull-scaleandmodelresults
‘1 weresimilsrinmanydetailsandthemodeldatawerebelievedtobe of
valueinanticipatingfull-scaler sults.Thethreeremainingcasesof“
disagreementwerecasesinwhichtheonlyfactsknownaboutthefull-
scalespinsweretherecoverycharacteristicsba edonlimitedfull-scale
data. Itappearsthatthesespin-~el resultsaccuratelypredict
full-scaler $overyctiacteristicsfromfll,ydevelopedspinsapproxi-
mately90percentoftk tw; forther~fi~ 10percentofthe
time,themodelresultsareofvalueinpredictingsomedetailsof the
full-scalespins,suchasproper ecoverytechnique,aileroneffects,and
motioninthedevelopedspins.
.
As previouslymentioned,experiencehasindicatedthatrecoveries
attemptedduringtheincipientspinarefasterthanrecoveriesattempted
afterthespznhasbecomefu14 developed.Thisconclusionwassupported
by resultsof spintestsof16 additionaldesignsforwhichonlyfull-
scaledataforspinsof2 turnsorlesswereavailable.Airplanerecov-
erieswere“satisfactoryforall16 designs,although,forfourofthese
designs,modeltestsindicatedthatunsatisfactoryrecoverieswerepos-
siblefromfullydevelopedspins.
AngleofAttack
Dataconcerningtheangleofattackinthefullydevelopedspinwere
availablefor28designs.Thedifferenceb tweenthemodelandairplane
anglesofattackwasplottedagainstmodelangleofattackinfigure1
whichshowsthat,ingeneral,whenthemodelspinwasat anangleof
attacklessthan45°,thecorrespondingairplanespinwasat a larger
angleofattack,butthatwhenthemodelspinwasat anangleof attack
greaterthan45°,the,correspondingairplanespinwasata smaller~gl.e
ofattack.Thisfigureindicatesthattheairplanestendedto spinat an
angleofattackcloserto 45°tlwndidthecorrespondingmodels.
——._.— —. - .—....__— - .—..—— ._.—_.— .— —
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ThespreadOYpointsmaybe attributableto lackofprecisionof
pilots‘ esthatesofanglesofattack,lackofdetailinmodelconstruc-
tion,andprobabledifferencesinloadingsbetweenairplaneandmodel.
RateofRotation
Dataconcerningrateofrotationina spinwereavailablefor
15designs.Thedifferencesbetweenthemodelandairplaneratesof
rotationwereylottedagainstail-dampingratio(determinedbymethod
ofreference3)andarepresentedinfigure2. Thesedatashowthat,
fortail-dampingratiosgreaterthan0.02,themodelratesofrotation
weregreaterthanthoseoftheairplane;whereas,forvalueslessthan
0.02,themodelratesofrotationwerelessthanthoseoftheairplane.
AltitudeLossperRevolution 0
Table11 presentsthedataavailablepertainingtoaltitudeloss
perrevolution.Datawereavailablefor33comparisonsandtheairplane
generallyhada higheraltitudelossperrevolutionthanthescaled-up
modelvalue.In fourofthefivecasesinwhichthemodelaltitudeloss
per.revolutionwasgreater,thedifferencewassmallenoughsothat
alttieterlagandinaccuraciescouldaccountforthedifference.In
ordertodeterminetherelationshipbetweenmodelandairplaneratesof
descent,computationsweremadewiththeuseofthe V/$2dataand
valuesof Q whichwereavailablefrcmltestsorwereestimatedfrom
figure2. Theresultshowedthatofthe28casesforwhichthesedata
andangle-of-attackdatawereavailable,23 showeda greaterateof
descentassociatedwiththesmallerme of at~ckwhetheritwasfor
themodelortheairplane.
AngleofWingTilt
ComparisonofthedatapresentedintableIIIfor15designshow
that,inallcasesbutthree,theinnerwing(riglitwingina rightspin)
oftheairplanewastilteddownmoreduringthespinthanwastheinner
wingof thecorrespondingmodel.Inthe.threecasesinwhichthemodel
wingsweretiltedmoreinward,thedifferencesbetweenmodelandairplane
valuesweresosmallastobe lessthantheprobablelimitsofaccuracy
ofthedata.
EmergencySpin-RecoveryParachutes *
DatapresentedintableIV showa.comparisonftherequirements
foremergencyspin-recoveryparachutesformodelandairplaneforsix
designs.Themodelpsrachuterequirementswereslightlyconservative
.
inthreecases- thatis,themodelpredicteda ~omewhatlargerpsrachute
—— -. . - , —c —-.—
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wasnecesssry- andveryconservativeintwocases.Thesedata
to indicatethatpsrachute-sizepredictionsbasedonmodelresults
aregenerallyconservative.Thiseffectistobe expectedinasmuchas
themodelrudderisgenerallymaintainedviththespinduringparachute
tests.
CONCLUSIONS
Basedontheresultsofmodelandfull-scalespintestsof60designs
forwhichdatawereavailable,thefollowingconclusionsa to theappli-
cationofmodelresultsinpredictingfull-scalespinresultsweredrawn:
1.Modelrecoverytestssatisfactorilypredictedfull-scalerecovery
characteristicsabout90percentofthethe. Fortheremaining10per-
centofthetime,themodeltestswereofvalueinpredictingsomeofthe
detailsofthefull-scalespins.
2.Whenthemodelspinwasat anangleof attacklessthan45°,the
airplanespingenerallywasat a largerangleofattack;whereas,when
themodelspinwasatan singleofattackgreaterthan45°,theairplane
spingenerallywasata smallerangleofattackthanthatindicatedby
themodel- thatis,theairplanestendedto spinatanangleof attack
closerto 45°thandidthecorrespondingmodels. .
3. ForvaluesoftaildampingratiogreaterthanO.02,themodel
ratesofrotationweregenerallyhigherthanthoseoftheairplane;
whereas,forvaluesoftail-dsmpingratiolessthan0.02,themodelrates
ofrotationweregenerallylowerthanthoseoftheairplane.
4.Themodelgenerallyspunwitha-loweraltitudelossperrevolu-
tionthanthatofthecorrespondingairplane.Higherrateofdescentof
airplaneormodel,however,wasgenerallyassociatedwiththesmaller
angleofattack;thatis,whenapairplanespunata smallerangleof
attack,it generallyhada higherateofdescenthanthecorresponding
model,andwhenthemodelspunat-asmallerangleof attack,themodel
hadthehigher ateof descent.
5. Theairplanegenerallyspunwiththeinnerwingtilteddownmore
thantheinnerwingofthecorrespondingmodel.
— —-. -—.———————-- .. -— —-- ————-——.-—-.— ——— —.
..—. . ... .
8 NACATM 2134
6.Predictionsofemergency-parachutesiz sbasedonmodelresults
weresomewhatconservative.
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TABLEII.-cwAmsoN OFMODELmm-mu?= ALTITUDE
LOSSESPERREVOLUTION .
Design
13
14
16
a16a
17
18
19
20
21
22
23
24
25
27310
32
35
36
38
(v/@A- (v/@M
(ft/rev)
50
100
18
33;
-33
60
92
26
34
16
. 5
3
153
67
%
:
260
470
-6
.‘-19
102
46
195
-1oo
134
141
-19
300
1200
491 -
(v/Q)A
0.14
.25
.04
0
.42
.13
.14
.24
.09
.03
.06
.01
.01
.26
.10
.05
.50
.01
.01
l 33
.31
.03
.08
.16
.10
.31
l 33
.20
.19
.12
.69
.86
.41
‘a indicatesa modificationf theoriginaldesign.
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TAELEIII.- COMPARISONOFMODELANDAIRPLANE
ANGLESOFWINGTILT
Design
5
;
13
14
23
26
b26a
27
32
35
36
h
(deg)
(a)
4U
3D
o
lm
20
a
YJ
2D
6D
m
TJ
‘N
o
14D
2U
a
6D
20D
23D
4U
o
0
10D
5D
o
10D
6D
NJ
20D
20D
13D
a U indicatesinnerwingup;D indicatesinner
wingdown.
b a indicatesa modificationftheoriginal
design.
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‘I!AIm3Iv.- COMPARISONOFEMERGENCYSPIN-RECOVERY
TAIL-PARACHUTESIZESREQUIREDBY
MODELANDA13WIANE
Design
Modelparachutediameter
(ful~f~~ale)
Airplaneparachutediameter
(ft)
14
27
40
43
52
56
12. o
>I_l.g
-8.0
8.0
Rudderneutralized
8.0
7.5
8.0
8.0
7.0
6.0
Didnoteffectrecovery
6.0
7.5
%uddermaintainedwiththespinunlessotherwisenoted.
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I Figure lo- Difference between airplane and model englee of attack plotted
1
against model angles of attack obtained in
sptiing tunnel. (Numbers refer to d.esi~
the Langley ZQ-foot free-
numbers in table I.)
II
I
I
:31
~45I I J
o .01 .02 .03
ibi/-dump/ng rotio
Figure 2..
against
numbers
Difference between air@a.ne and model rates of rotation plotted
the tail-damping ratio of the design. (Numbers refer to design
irtable I.)
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